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Abstract 



PROBLEM TO BE SOLVED: To improve charging efficiency of an iron core in the inside of a cylindrical 
body. 

SOLUTION: In a method for manufacturing an iron core for a cylindrical coil by laminating a plurality of 
independent plates fomied by punching out a band steel 20 sent in one direction, in firming the veneer, a 
pair of punching mechanisms 14 and 15 punch out facing side edges while they are made to 
approach/separate successively in a width direction of the band steel 20. Following the increase and 
decrease of the distance between the punching mechanisms 14 and 15, the width of the formed 
independent plates inlets gradually vary, thereby charging efficiency of the iron core in a cylindrical body can 
be improved. 
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(54) [Title of Invention] 

MANUFACTURE OF IRON CORE FOR CYLINDWCAL 
(57) [Abstract] 

[Objective] To improve the filling eflBciency of an iron core inside of a cylindrical body. 

[Means] In a method for manufecturmg an iron core for a cylindrical coil by laminating multiple 
layers of single sheets formed by punching out a band steel 20 forwarded in one direction, a pair 
of punching devices 14 and 15, in creating the single sheets, punch out the facing side edges of the 
band steel 20 while approaching and separating successively in the direction of width. As the 
distance between the punching devices 14 and 15 increases or decreases, the width of the 
resultmg single sheets changes, increasing the filling eflBciency of the iron core in a cylindrical 
body without incorporating an additional stage in the press system. 
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[Claim(s)] 

[Claim 1] A method for manufacturing an iron core for a cylindrical coil, specifically a method for 
manufecturing an iron core for a cylindrical coil by laminating multiple layers of single sheets 
formed by punching out a band steel forwarded in one direction, characterized in that a pair of 
punching devices, in creating the single sheets, punch out the feeing side edges of the band steel 
while approadiing and separating successively in the direction of width. 

[Claim 2] A method for manufecturing an iron core for a cylindrical coU, specifically a method for 
manufacturing an iron core for a cylindrical coil by laminating multiple layers of single sheets 
formed by punching out a band steel forwarded in one direction, characterized in that a pair of 
punching devices, in creating the top and bottom portions of single sheets, punch out the facing 
side edges of the band steel while approaching and separating successively in the direction of 
width, and in creating the middle portion of single sheets, a downward punching device featuring 
a rectangular punch corresponding to the outer perimeter of the single sheet simultaneously 
punches out the entire perimeter. 

[Claim 3] A method for manufacturing an iron core for a cylindrical coil according to Claim 1 or 
2, characterized in that, with reference to the laminated smgle sheets, concaves developed on both 
edges of the single sheiet are engaged with vertical projections in order to prevait positional shifts 
between the laminated single ^eets. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Field of Application] The invention relates to a method for manufacturing an iron core 
for a cjdindrical coil. 

[0002] 

[Prior Art] A typical ignition system for automobile engine, as Figure 1 1 shows, comprises a 
battery 31, transformer 32, distributor 33, spark plug 34, and breaker 36. The transformer 32 
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contains a primary coil 32a and secondary coil 32b, and one end of the primary coil 32a is 
coniiected to the battery 31 , one end of the secondary coil 32b to the spark plug 34 through the 
distributor 33, and the other ends of both coils 32a and 32b to a condenser 35 and the breaker 36. 

[0003] In this ignition system, when the breaker 36 is opened and closed, high voltage will be 
generated in the secondary 32b through the mutual induction between the coils 32a and 32b, and 
the resulting current will spark the spark plug 34. 

[0004] The transformer 32, as Figure 12 shows, is a cylindrical body 38 with the primary coil 32a 
and secondary coil 32b wound around, with an iron core 37 inserted into the cylindrical body 38. 
The iron core 37 is composed of muhiple layers of a single sheet 39 made of rectangular 
electromagnetic steel, and its cross section is approximately square. 

[0005] Since the distributor 33 and the high voltage cable connecting the distributor 33 to the 
spark plug 34 in this ignition system are highly suscq)tible to failure, attempts have been made to 
directly connect the transformer to the spark plug, bypassing the other items. 

[0006] In such attempts, it is necessary to increase the filling efficiency of the iron core inside of 
the cylindrical body to reduce the outer diameter of the transformer to the approximate size of the 
spark plug while maintaining the volume of the iron core. 

[0007] To increase the filling efficiency, it is effective to create an iron core by laminating multiple 
layers of single sheets varying in width. Figures 13 and 14 show an example, whore an iron core 
40 inserted in a cylindrical body 44 is composed of 5 stacks of 3 different types of single sheets 
41, 42, and 43. V and 5"*" stacks of the iron core 40 are made of 4 layers of the single sheet 41, 2"** 
and 4* stacks 5 layers of the single sheet 42, and the 3'^ stack 12 layers of the single sheet 43. 

[0008] A method for manufacturing the iron core 40 above will be described with reference to 
Figure 15. As the figure shows, a band steel 50, having guide holes 52 at equal intervals 51, is 
forwarded intermittently in the direction of X. A press system to machine the band steel 50 has a 
l"" stage A2, 2""^ stage B2, 3'^ stage C2, and 4* stage D2 corresponding to the intervals 51. . 
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[0009] The 1* stage A2 punches a pair of rectangular areas 53 and 53 arranged widthwise cm the 
band steel 50. The distance between the rectangular areas 53 and 53 equals the width of a single 
sheet 41 shown in Figure 13. • 

[0010] The 2"* stage B2 punches a pair of rectangular areas 54 and 54 arranged widthwise on the 
band steel 50. The distance between the rectangular areas 54 and 54 equals the width of a single 
sheet 42 shown in Figure 13. 

[001 1] The 3"* stage C2 creates projections 55 by pressing the band steel 50 from the surfece, and 
punches out a through hole (not shown in the figure) only at the initial machining of eadi iron 
cor6 40. 

[0012] The 4* stage D2 punches out a rectangular area 56 between the feeing rectangular areas 53 
and 53 or 54 and 54, and presses down the resulting single sheets 41, 42, and 43, engaging 
projections 55 to integrate into the sheets. The rectangular area 56 equals the single sheet 43 
shown in Figure 13. 

[0013] In manufacturing the iron core 40, the press system repeats the machining process at the 
1* stage A2, 3"* stage C2, and 4* stage D2 to create the l** stack. Next, the system repeats the 
machining process at the stage B2, 3"* stage C2, and 4* stage D2 to create the stack. Then, 
the system repeats the machining process at the 3"* stage C2 and 4* stage D2 to create the 3"* 
stack. The system creates the 4* and 5* stacks in the same manner as the and 1* stacks 
respectively, completing the iron core 40. The iron core 40 is separated by the through hole. 

[0014] 

[Problems to be Solved by the Invention] In the conventional system above, however, the filling 
efficiency is 84% at most; any attempt to increase the number of layers m the iron core 40 to 
enhance the filling efficioicy requires an additional stage to punch holes, increasing the size of the 
press system and complicating the control system. 
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[0015] The invention intends to offer a method of manufecturing an iron core designed to increase 
the filling efficiency of an iron core inside of an cylindrical body around which a coil is wound. 

[0016] 

[Means to Solve the Problems] To solve the problem above, the invention is a method for 
manufecturing an iron core for a cylindrical coil by laminating multiple layers of single sheets 
formed by punching out a band steel forwarded in one direction, characterized in that a pair of 
punching devices, in creating the single sheets, punch out the feeing side edges of the band steel 
vMe approaching and separating successively in the direction of width. 

[0017] In this manufecturing method, as the distance between the punching devices increases or 
decreases, the width of the resulting single sheets changes, increasing tiie filling efficiency of the 
iron core in a cylindrical body without incorporating an additional stage in the press system. 

[0018] 

[Working Examples of tiie Invention] Figure 1 shows a cross section of a cylindrical coil 
manufactured by a method according to the invention. In this cylindrical coil, an iron core 1, 
inserted into a cylindrical body 2, consists of a bottom portion A, mid portion B, and top portion 
C, each of which is made of multiple layers of single sheets. The top portion C and bottom 
portion A are incrementally narrower firom their boundaries with the middle portion B. In this 
case, the inner diameter of the cylindrical body 2 is 9.7 mm, and the iron core 1 is made of 30 
layers of single sheets 0.3 nrai thick. 

[0019] Figures 2 to 4 illustrate a press system to manufecture the iron core 1. This press system 
has a base 1 1 under an elevator frame 1 0, a punch plate 1 2 at the bottom of the elevator fi-ame 1 0, 
and a die plate 1 3 on the top of the base 11. 

[0020] The press system also has a 1* stage Al, 2"" stage Bl, 3"" stage CI, and 4* stage Dl 
corresponding to intervals 21 of a band steel 20; and the 1'* stage Al and 2"" stage Bl have 
punching devices 14 and 15, the 3"* stage CI an upward punching device 16, and the 4* stage Dl 
a downward punching device 17. 
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[0021] The punching device 14 is composed of a punch 14a and die 14b, which are movable 
widthwise of the band steel 20 by a ball screw 18 between the punch plate 12 and die plate 13. 
The punching device 14 punches out a rectangular area 23 as the elevator frame 10 moves down. 

[0022] The punching device 15 is composed of a punch 15a and die 15b, which are movable 
widthwise of the band steel 20 in the same fashion as the punching device 14. The punching 
device 1 5 punches out a rectangular area 24 as the elevator frame 10 moves down. 

[0023] The punching devices 14 and 15 may be driven by any of the servo motor, hydraulic 
pressure, and cam systems as long as they are correctly moved to a certain position v^ile no load 
is applied to the top dead center of the elevator frame 10. 

[0024] The upward punching device 16 has punches 16a and 16b, and controls the protrusion of 
the punch 16b from the punch 16a. When the elevator frame 10 is moved down while the 
protrusion of the punch 16b is reduced, the band steel 20 will be pressed from the surface, 
developing projections 25; when the elevator frame 10 is moved down with the punch 16b folly 
protruded, the band steel 20 will be punched out, developmg a through hole 25a (see Figure 8). 
This through hole is punched only at the initial machining of each iron core 1 . 

[0025] The downward punching device 17 has a punch 17a, die 17b, and retainer ring 17c, and 
punches a rectangular area 26 while pressing down the single sheet developed by that punchmg to 
engage projections 25 to integrate them mto the sheet. At the bottom of the downward punching 
device 1 7 are a receptacle 1 9 and feeder 1 9b for the iron core. 

[0026] To manufacture the iron core 1 in the press system thus designed, guide holes 22 are 
created for each interval 21 on the band steel 20 in advance, and while forwarding the band steel 
20 in the direction of X intermittently, the system repeats the machining operation at the stage 
Al or 4* stage Dl by successively separating the punching devices 14 and 15 from the center line 
of the band steel 20 at each process step, developing the bottona portion A. 
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[0027] Next, yAnle maintaining the punching devices 14 and 15 at their maximum width, the 
system repeats the machining operation at the I'' stage Al or 4* stage Dl, developing the middle 
portion B. 

[0028] Then, the system repeats the machining operation at the stage Al or 4^ stage Dl by 
successively approaching the pxmching devices 14 and 15 from the edges of the band steel 20, 
developing the top portion C to complete the iron core 1 . 

[0029] The completed iron core 1 is separated by the through hole 25a, slid through the retainer 
ring 17c, and received in order from the bottom by the receptacle 19a. When the iron core 1 on 
the receptacle 19a slides out of the retainer ring 17c, the receptacle 19a will move down, and the 
feeder 19b will discharge the iron core 1 . 

[0030] The punching devices 14 and 15 may have an elevator 60 for the pimches 14a and 15a, as 
Figure 5 shows. This elevator 60 has a concave 62 at the bottom of a slider 61 of the eleva^tor 
frame 10 and an elevator body 63 between the punches 14a and 1 5a and the slider 61 ; applying a 
lifting power to the punches 14a and 1 5a by a spring 64, the elevator engages the top of the 
elevator body 63 with the concave 62 to lift up and down the punches 14a and 15a as the slider 
61 slides. The top of the punches 14a and 15a are attached to the bottom of the elevator body 63 
so that they will not dislodge when the punching devices 14 and 1 5 move. 

[0031] The press system mcorporating these punching devices 14 and 15, in developing the 
middle portion B, lifts the punches 14a and 1 5b by the elevator 60 to avoid the rectangular areas 
23 and 24 from being punched out, and, as Figure 6 shows, only repeats the machining operation 
at the 3'"* stage CI and 4* stage Dl without accompHshing the machining steps at the stage Al 
and 2"^ stage Bl. 

[0032] The above process, designed to create a single sheet with the maximum width without 
punching out the rectangular areas 23 and 24, allows the system to use the narrower band steel 20 
than the press system without the elevator 60 for the punching devices 14 and 15. This reduces 
scraps, enhancing the yield. 
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[0033] The punches 14a, 15a, and 17a may also use a narrower band steel; however, as Figure 7 
shows, the width w of the punches 14a and 15a needs to be w > (y- z) / 2 +0,1 mm, yAiert y and 
z designate maximum and minimum widths of the single sheet of the iron core 1 , in order to avoid 
burr from developing on the outer edges of the rectangular areas 23 and 24 punched out by the 
punch 17a. 

[0034] As Figure 8 shows, in Ae downward punching device 17, the single sheet smallest in width 
on top of the completed iron core 1 is not latched to the iron core 1 due to the through hole 25a. 
As a result, this single sheet may shift its position horizontally by the time the next single sheet 
having projections 25 is pushed down. To prevent this, as Figure 9 shows, concaves 27 are 
created at both edges of the single sheet to engage the concaves 27 with vertical projections 17d 
developed on the die 1 7b. The concaves 27 should be 0.03 mm or more deep to prevent the 
magnetizing power from deteriorating. 

[0035] Furthermore, as Figure 10 shows, while the receptacle 19a supports the iron core 1 by the 
vertical pressure from the bottom, when the receptacle 19a moves down, the holding power of the 
iron core 1 at the retainer ring 17c may deteriorate, disengaging the projections 25. Or, \^en the 
punch 17a moves up, the iron core 1 may float due to the pushing power of the receptacle 19a. 
To prevent these problems, the retainer ring 17c is reduced in width to a level slightly smaller than 
the maximum width of the iron core 1 so that the middle portion B contacts the inner walls of the 
retainer rmg 17c, and the iron core 1 is secured by applying a side pressure to the iron coire 1 to 
prevent the projections 25 from dislodging and the iron core 1 from floating. The laminating 
thickness of the middle portion B needs to be 2.0 mm or more to prevent the side pressxure from 
bending the single sheets with the maximum width. 

[0036] The iron core 1 thus manufactured features a filling efficiency of approximately 93% 
against the inn^ area of the cylindrical body 2. 
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[0037] Furthermore, when multiple punches 14a and 15a as well as dies 14b and 15b are arranged 
on the punching devices 14 and 15 in the direction of the width of the band steel 20, this 
manufacturing method wiU easily support punching of multiple arrays. 

[0038] While the working examples above discussed a method to integrate laminated single sheets 
by pressing to engage projections, other integrating methods may be used, including welding and 
adhesion. 

[0039] 

[Effect of the Invention] The invention is, as described above, a method for manufecturing an iron 
core for a cylindrical coil, specifically a method for manufacturing an iron core for a cylindrical 
coil by laminating multiple layers of single sheets formed by punching out a band steel forwarded 
in one direction, characterized in that a pair of punching devices, in creating the single sheets, 
punch out the facing side edges of the band steel while approaching and separating successively in 
the direction of width. 

[0040] The invention is also characterized in that a pair of punching devices, in creating the top 
and bottom portions of single sheets, punch out the facing side edges of the band steel while 
approaching and sq)arating successively in the direction of width, and in creating the middle 
portion of single sheets, a downward punching device featuring a rectangular punch 
corresponding to the periphery of the single sheet simultaneously punches out the entire rim, 
thereby enabling use of a narrower band steel than the movable punching device to punch all 
single sheets, enhancing the yield. 

[Brief Description of Figure(s)] 

[Figure 1] A cross section of a cjdindrical coil manufectured by a method according to the 
invention 

[Figure 2] A front schematic view of a press system used in the manufecturing mefliod above 

[Figure 3] A top view of a punching device of the above on the die side 

[Figure 4] A diagram illustrating the band steel machining process in the press system above 
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[Figure 5] A cross section of the punching device above showing another side 

[Figure 6] A diagram illustrating machining of single sheets in the middle portirai using the 

punching device above 

[Figure 7] An illustration of the punch width of the above 
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[Figures] 

(a) A side view of laminated single sheets at the downward punching device of the above 

(b) A magnified view of a part of the above showing misaligned single sheets 
[Figure 9] 

(a) A top view of a single sheet having concaves 

(b) A side view of the above 

[Figure 1 0] A side view of a retainer ring securing an iron core 

[Figure 1 1] A schematic view of an ignition system for automobile engine 

[Figure 12] A cross section showing an example of a conventional cjdindrical coil 

[Figure 13] A cross section showing another example of a conventional cylindrical coil 

[Figure 14] An oblique view of an iron core of the above 

[Figure 15] A diagram illustrating the band steel machining by a press system in manufacturing the 
iron core above 

[Description of Symbols] 



1 4, 1 5 Punching devices 

1 6 Upward punching device 

1 7 Downward punching device 
17d Projection 

20 Band steel 

27 Concave 
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[Figure 1] 




Key to figure 2: 
l"* stage Al 
2"'' stage Bl 
3"* stage CI 
4* stage Dl 
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[Figure 3] 




[Figure 4] 



Key to figure 4: 
l"* stage Al 
2"" stage Bl 
3"^ stage CI 
4* stage Dl 
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[Figure 5] 




Key to figure 6: 
1" stage Al 
2"" stage Bl 
3"* stage CI 
4* stage Dl 
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[Figure?] 
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[Figure 9] 



17d (a) 27 




17 



[Figure 11] 




[Figure 12] 




[Figure 13] 
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[Figure 14] 




Key to Figure 15: 
r' stage A 1 
stage Bl 
3*^ stage CI 
4* stage Dl 
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